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to learn what an infalling observer sees

in the interior of a black hole?”
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What is the local operator ¢?




Introduce an observer

Propagate an exterior operator in proper time
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Fuclidean Schwarzschild translations:

(]l p2(iB)|) = (1b|pal |)

when in local thermal equilibrium

Modular Hamiltonian: K = —log [Tr,ef[|1) (]
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Near horizon Schwarzschild Hamiltonian H,;
Iin local equilibrium

Modular Hamiltonian K = —log [Tr,¢||Y) (1]
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Question 1: Construction is somewhat abstract. Does it work?

Answer 1: Yes

71 — 7o = GR time dilation
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Question 2: Can you actually see behind horizons?

Answer 2: Yes
Explicit construction in SYK \
_ RT o\
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WHAT ABOUT OUT-O0F -LOCAL
EQUILIBRIUM STATES?



Toy example: How are Lorentz boosts defined?
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Lorentz boosts are generated by the modular Hamiltonian K

of the state |0) = Uly) that minimizes (Hgioba1)



QFT vacuum — Local equilibrium state

Lorentz boost — J.ocal Schwarzschild translation

Minimization of (H) —» 7



Equilibrium vs non-equilibrium: Scrambling




7)) describes an observer in local equilibrium iff:

max (PR, (T — tser)O)y| = O(1)

In that case: K — H,; in the atmosphere



The local proper time generator H,, ;
is the modular Hamiltonian Ky for the state Ul|i)

which maximizes [{(¢x,, (T = tser)O)y ]

among all U : HY . — HY
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The fine print

We need:  #27°% < L A4

SCT

Only possible for microcanonical

black hole probes
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Question 3: Are typical black hole interiors smooth?
Answer 3: I do not know

BU'T question can be rephrased:

Is probe modular Hamiltonian \
in local equilibrium?

max |(éx, (z.7)0(y.t)s| = O1) AN
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A framework for emergent time

WdAW patch
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